mans. 8 The clinical significance of C. burnetii infection in seals is unclear; this harbor seal was euthanized because of protozoal encephalitis, unrelated to the placental infection. The potential for C. burnetii infection to cause abortion in seals, as it does in sheep and goats, 1 is also uncertain. In this animal, the placental infection was not associated with perceptible fetal lesions, and the full-term fetus was still viable at the time of the dam's death. The most significant aspect of this infection may be the potential for zoonosis for zoo or rehabilitation center workers that may be exposed to placental tissues or newborn seal pups.
burnetii in a wildlife-livestock environment. Antibody response of ewes and lambs in an endemic Q fever area. Am J Epidemiol 94:62-71. 3 
Simultaneous use of two primer pairs increases the efficiency of polymerase chain reaction assay in the diagnosis of bovine leukemia virus infection
Michal Reichert, Jan Stec 
1420-1440 1764-1783 364 * Nucleotide numbers from a previous study. 16 † The sequence of primers was similar to that previously published. 1 Enzootic bovine leukemia is a neoplastic disease caused by bovine leukemia virus (BLV), a member of the Retroviridae family. Under natural conditions, the disease occurs only in cattle, but sheep, goats, piglets, rabbits, and chickens can be infected experimentally. 2 At present, BLV infection is pandemic. The virus replicates in the lymphoid system and causes polyclonal lymphocytosis in 30% of infected animals. 6 Tumor-like neoplastic alterations accompanied by clinical signs develop slowly and manifest in about 5-10% of infected cattle. 2 BLV infections cause economic losses resulting in a drop in milk production, diminished resistance to other diseases, restricted export of animals, and the destruction of valuable breeding animals. 13 At present, serologic methods such as the agar gel immunodiffusion test and the enzyme-linked immunosorbent assay (ELISA) are standards in the diagnosis of bovine leukemia. 5 Recently, virus detection has reached a molecular level, with the use of molecular probes and the polymerase chain reaction (PCR). 4, 11, 15 The sensitivity of PCR permits detection of bovine leukemia provirus in 6.8% of serolog-From the Department of Biochemistry, National Veterinary Research Institute, Al. Partyzantow, 57, 24-100, Pulawy, Poland.
Received for publication September 9, 1999. ically negative BLV-exposed cattle. 8 However, the sensitivity of BLV PCR is not 100%. The PCR assay performed with serologically positive animals fails in about 1.4-9.6% of cases. 4, 8 Recent investigations suggest that the negative results obtained by PCR may be attributable to extremely low amounts of provirus genetic material in the lymphocytes of infected animals. Several authors have reported the existence of so-called defective proviruses, whose genomes comprise large deletions, in the tissues of infected animals. 12 Consequently, the diagnosis in such cases may be 
difficult. Another explanation for negative results of PCR assays in ELISA-positive animals may be the genetic variability of the virus. The lack of complementarity between the 3Ј end of primer and a target template produces negative results because PCR amplification does not occur. 13 Re- cent studies have shown that the use of PCR with 2 primer sets to detect BLV in bovine blood samples from distant geographic regions produced different results. 9 The proportion of PCR-positive results varied from 50% to 90%, depending on the primer set from the vicinity of the BLV gag gene. 9 Considering the law level of plasticity in BLV, 18 genetic variation may be responsible for only part of such large divergences is sensitivity. The method of primer selection is also important. The purpose of this study was to compare the efficiency of the PCR assay using primers selected from regions of the BLV genome other than gag. The PCR reaction was performed in a single tube reaction with 2 sets of primers simultaneously.
The study involved 114 cows from 3 farms. The 20-mer and 22-mer oligonucleotides from the env and gag region of the BLV genome were used as primers (Table 1) . Lymphocyte DNA used in PCR was purified according to the standard lysis protocol. 17 The composition of PCR mixture (50 l) was 10ϫ polymerase buffer, a 1.5 mM MgCl 2 , 0.5 M of each primer, 1 mM dNTP, and 2 units of polymerase. a About 0.5 g of DNA and 2 drops of mineral oil were added to the reaction mixture. Amplification was performed in a programmed thermal cycler b and started with denaturation at 94 C for 3 minutes followed by 30 cycles of denaturation at 94 C for 1 minute, primer annealing at 65 C, and elongation at 72 C for 90 seconds. Amplification was terminated with a 7-minute elongation. The oligonucleotides used in PCRs were synthesized using an automatic apparatus. c Specificity of PCR assay was confirmed using the following cells and cell lines as a source of template DNA: lymphocytes of cows from a BLV-free herd (negative by ELISA) d and an FLK cell line infected persistently with BLV e were applied as negative and positive controls, respectively. A primary culture of the kidney cells of cows infected with the bovine parainfluenza-3 virus (PI-3) and Madin Darby bovine kidney cell lines infected with a bovine herpervirus (BHV-1, strain IPV 468) f and with bovine acquired immunodeficiency virus (BIV, strain R29) e were also used. Specificity of PCR assay was also confirmed by Southern blot hybridization of amplified DNA using a previously constructed molecular probe 15 followed by autoradiography.
The results are summarized in Table 2 and in Fig. 1 . A total of 114 DNA samples from cows positive by ELISA were examined using 2 pairs of primers simultaneously. The yield of amplification of PCR products was similar in most cases for both primer pairs, but differences occasionally were observed (Fig. 1) . In a few cases, only 1 amplification product was evident ( Fig. 1, Table 2 ). Eight samples (7%) revealed negative results by the 2 primer pairs. PCRs with the OL-1/OL-2 pair produced 86.8% positive results (99 animals), whereas PCRs with the OL-3/OL-4 pair produced 90.4% positive results ( Table 2 ). Lack of amplification observed in 7 samples using the OL-1/OL-2 pair did not affect the positive results obtained with the OL-3/OL-4 pair. Moreover, 3 samples considered negative with OL-3/OL-4 were positive with OL-1/OL-2 ( Table 2 ). The 2 primer pairs used together produced a higher percentage of positive results than did either pair used separately.
Simultaneous amplification with 2 primer pairs was used to increase the sensitivity of the PCR assay for detection of BLV infection. In only 1 other report, describing an investigation of DNA samples from BLV-infected cattle originating from various geographic regions, did the authors find markedly different results in relation to the primer pairs used. 9 The cows were examined 3 times using a different primer pair from the gag region of the BLV genome each time. The extent of divergent results obtained, is surprising in the context of the accepted low variability of the BLV genome. 18 These findings indicate that genetic variability may be significant for diagnosis using this method. However, the possible influence of the components of the amplification reaction itself on the final result was not considered. Proper selection of primers for use in the PCR is critical for objective diagnosis, and even if a particular gene is considered to be a highly conserved 9 the existence of small internal regions susceptible to mutations cannot be ignored. Simultaneous amplification in 1 tube with 2 primer pairs originating from different BLV genes minimizes the possible influence of mutations on the results of the PCR assay. The probability of simultaneous occurrence of mutations in the virus genome in 2 different regions binding the primers is much lower than that in only 1 region. An additional advantage of this modification is the aspect of an internal control, where 1 primer pair act as the control for the other. Lack of 1 band and the simultaneous occurrence of the other is not regarded as a negative result but indicates the presence of a mutation in examined DNA. In conventional PCR with 1 primer pair, presence of mutation in the target sequence can be responsible for the negative result.
The theoretical influence of primer selection on the PCR results was supported by the results of this study. The percentage of PCR-positive cows in the 2-primer-pair assay was 93%, a percentage higher than that produced by each primer pair alone, i.e., 86.9% for OL-1/OL-2 and 90.4% for OL-3/ OL-4. The sequence of the env gene is highly conserved. 14 In the present experiment the OL-3 and OL-4 primers originating from the gag gene region were more sensitive. The results indicate that the criteria commonly used to select these primers, such as high conservatism of the sequence and the lack of complementarity between sense and antisense primers at the 3Ј end, do not eliminate false-negative results in PCR caused by the target template mutations. Comparison of molecular clones of BLV from different parts of the world confirms the existence of considerable sequence variation between different isolates. 3, 16 In addition to the genetic variability, the discrepancies of the PCR results obtained using different primer pairs can be attributed to the secondary structure of template DNA, formation of stable hairpin-loop structures, the presence of compressed regions, or a high content of C and G nucleotides in the fragments amplified. 7, 10 The results obtained by the simultaneous use of 2 primer pairs from different regions of BLV genome stresses the significance of genetic variability in the diagnosis of enzootic leukemia in cattle. The modified PCR gives better diagnostic results than the conventional single-pair amplification. Occurrence of a relatively high percentage (up to 6.8%) of serologically negative and PCR-positive animals emphasizes the diagnostic importance of PCR. 4, 8 The PCR assay will certainly not replace the serologic tests, which are less expensive and more convenient for large-scale screening, but PCR can be used as a supplementary diagnostic method for examination of highly valuable animals, e.g., breeding animals, that may be suspected as BLV carriers. Mycoplasma hyopneumoniae infection, swine enzootic pneumonia, causes considerable losses to the pig farming industry as a result of growth retardation and a prolonged fattening period. The infection often exists subclinically in breeding herds, from which the infectious agent spreads to the finishing units. The main problem in the control of enzootic pneumonia has been the lack of accurate laboratory tests. Isolation of the agent is difficult because M. hyopneumoniae multiplies poorly in artificial media, and detection often fails due to the treatment of sick animals with antibiotics. Diagnosis is usually based mainly on clinical signs and pathologic findings. Serologic enzyme-linked immunosorbent assays (ELISAs) have recently been evaluated and are sensitive and specific in detecting subclinical enzootic pneumonia. 1, 3, 9 Two commercial ELISAs for the detection of M. hyopneumoniae antibodies from serum and from sow colostrum have been introduced, a direct ELISA (d-ELISA a ) with a Tween-20-solubilized crude antigen 2,8 and a competitive or blocking type ELISA (c-ELISA b ) with monoclonal antibody reagents. 4 The d-ELISA, which was the first test to become commercially available, has been used for determining the disease status in Finnish elite breeding herds. However, this ELISA, although sensitive and specific, occasionally gives false-positive reactions. A positive finding leads to the quarantine of the pig farm until the disease situation has been defined, which usually requires successive sampling of the herd. The transport and sale of swine and piglets is prohibited during the investigation, causing financial losses to the owner. After the introduction of the c-ELISA, which has a reaction principle different from that of the d-ELISA, it seemed possible, using these 2 different tests, to divide the samples into categories of true positives and false pos-From the National Veterinary and Food Research Institute, Virology Unit, PO Box 368, FIN-00231 Helsinki, Finland.
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itives. In this study, the 2 ELISAs were evaluated with respect to their ability to complement each other. The sensitivity and specificity of the 2 ELISAs were compared, and the effect of repeated freezing and thawing of samples on the test results was determined using the d-ELISA. The samples for the study were selected from colostrum samples taken from the elite breeding herds (n ϭ 185) participating in the Finnish Pig Health Scheme. The herds are annually surveyed for clinical signs and pathologic changes caused by mycoplasma pneumonia, Actinobacillus pleuropneumoniae pneumonia, atrophic rhinitis, swine dysentery, and Clostridium perfringens type C enteritis. Furthermore, colostrum samples (n ϭ 6,256) were collected and assayed for M. hyopneumoniae antibodies using d-ELISA. During the surveillance, doubtful or positive serologic reactions to M. hyopneumoniae were detected on 23 farms. The samples for the present study were obtained from 3 farms where pigs had symptoms typical of enzootic pneumonia and from 4 farms where animals were without symptoms and usually only a single pig was consistently positive in successive serologic tests. A total of 153 colostrum samples from the 7 farms were assayed during the study. The reproducibility of d-ELISA results was determined using 60 colostrum samples and 20 serum samples, which were assayed twice. Between the assays, the samples were frozen and thawed to determine whether these processes have any effect on the outcome of the d-ELISA. Colostrum samples were collected on the farms within 2 hours after farrowing and were sent frozen to the laboratory. Before assaying, the samples were thawed and centrifuged for 6 minutes at 10,000 ϫ g, and the cream was discarded. c The basic principles on which the d-ELISA and c-ELISA are based are different. The d-ELISA is a so-called sandwich immunoassay. Diluted porcine sera or colostrum samples (1: 100) were added to the microtiter wells coated with M. hyopneumoniae antigen. After incubation, the plate was washed
